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(54) Transducer-based sensor system and method 



(57) A system and method for performing rupture 
event scanning and other sensing operations on a sam- 
ple. The method includes providing a transducer 
(42,44,46,48) with an immobilized binding partner ma- 
terial and a sample material disposed thereon. The sam- 
ple material is applied to the immobilized binding partner 
material so that, if components in the sample material 
have sufficient affinity for the immobilized binding part- 
ner material, bonds will form between at least some of 
such components and the immobilized binding partner 



material. The method further includes accelerating the 
transducer (42,44,46,48) to induce bond breakage, 
where such accelerating is performed by applying a 
drive signal to the transducer (42,44,46,48). The drive 
signal includes a waveform having multiple frequency 
components that are pre-selected based on expected 
resonance behavior of the transducer (42,44,46,48). 
The method may also include analyzing an output re- 
sponse of the transducer (42,44,46,48) in response to 
application of the drive signal. 
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Description 

[0001] The present application relates to a method of 
performing rupture event scanning and to a transducer- 
based sensor system. 

[0002] Transducer devices are used in a variety of ap- 
plications to transfer energy between electrical systems 
and mechanical systems. Quartz crystal microbalance 
(QCM), for example, is a transducer-based technology 
that may employ piezoelectric transducers in various 
configurations to perform sensing functions. QCM tech- 
nology takes advantage of the fact that the resonant 1 5 
frequency of a transducer typically varies with the effec- 
tive mass of the transducer. Accordingly, when portions 
of a sample material bind to the transducer, the mass of 
the bonded sample material can be detected by moni- 
toring the resonant frequency of the vibrating mass. 
[0003] A related technology is rupture event scanning 
(RES), in which transducers may be employed to pro- 
duce mechanical energy to break bonds within a sample 
material. In addition to providing energy to break the 
bonds, the transducers may be used as sensors to an- 
alyze acoustic events (e.g., a pressure wave) that can 
occur when bonds break. Different types of bonds have 
unique properties that produce distinctive acoustic 
events. The bonds can be identified and analyzed by 
using various techniques to study the acoustic events. 
[0004] Existing rupture event devices and methods 
typically employ high Q transducer devices which are 
excited with pure sinusoidal signals at the resonant fre- 
quency of the transducer. In existing devices and meth- 
ods, continuous scanning operations are performed on 
the transducer to determine whether the system is still 
operating at resonance, and/or to determine whether a 
change in resonant frequency has occurred. This often 
requires use of a low-amplitude test signal to ensure that 
rupture events are not induced while the resonant fre- 
quency is being determined. In certain operational set- 
tings, the process of determining the resonant frequen- 
cy, particularly when performed frequently and repeat- 
edly, can significantly limit the speed at which samples 
are processed. Processing speed is also limited in many 
existing systems by the analytic methods used to study 
transducer output data. 

[0005] The present description provides a system and 
method for performing rupture event scanning and other 
sensing operations on a sample. The method includes 
providing a transducer with an immobilized binding part- 
ner material and a sample material disposed thereon. 
The sample material is applied to the immobilized bind- 
ing partner material so that, if components in the sample 
material have sufficient affinity for the immobilized bind- 
ing partner material, bonds will form between at least 
some of such components and the immobilized binding 
partner material. The method further includes acceler- 
ating the transducer to induce bond breakage, where 
such accelerating is performed by applying a drive sig- 
nal to the transducer. The drive signal includes a wave- 



form having multiple frequency components that are 
pre-selected based on expected resonance behavior of 
the transducer. The method may also include analyzing 
an output response of the transducer in response to ap- 
5 plication of the drive signal. 

[0006] A number of preferred embodiments of the 
present invention will now be disclosed with reference 
to the following drawings, in which:- 

10 Fig. 1 is a depiction of an embodiment of an exem- 
plary transducer according to the present descrip- 
tion with a sample disposed thereon. 
Fig. 2 is a schematic depiction of an embodiment of 
a transducer-based sensor system according to the 

15 present description, including multiple transducers 
and components for applying drive signals to the 
transducers and receiving output signals from the 
transducers. 

Fig. 3 is a schematic depiction of another embodi- 

20 ment of a transducer based sensor system accord- 
ing to the present description. 
Figs. 4A and 4B are time domain and frequency do- 
main representations, respectively, of an embodi- 
ment of an exemplary single-frequency drive signal 

25 that may be employed in connection with the sys- 
tems and methods of the present description. 
Figs. 5A and 5B are time domain and frequency do- 
main representations, respectively, of an embodi- 
ment of an exemplary multiple-frequency drive sig- 

30 nal that may be employed in connection with the 
systems and methods of the present description. 
Figs. 6A and 6B are time domain and frequency do- 
main representations, respectively, of an embodi- 
ment of another exemplary multiple-frequency drive 

35 signal that may be employed in connection with the 
systems and methods of the present description. 
Figs. 7A and 7B are time domain and frequency do- 
main representations, respectively, of an embodi- 
ment of another exemplary multiple-frequency drive 

to signal that may be employed in connection with the 
systems and methods of the present description. 
Figs. 8 and 9 depict exemplary implementations of 
methods of using an embodiment of a transducer- 
based system to perform detection and/or sensing 

45 operations on a sample material. 

[0007] The following description relates to systems, 
devices and methods in which a transducer is employed 
to obtain information about materials secured to or in 
so proximity with the transducer. For purposes of illustra- 
tion only, the description will focus primarily on rupture 
event scanning (RES) and quartz crystal microbalance 
(QCM) applications. 

[0008] Fig. 1 depicts an exemplary transducer 20. 
55 Transducer 20 typically is a piezoelectric device formed 
from a quartz crystal or other material with piezoelectric 
properties. In RES, QCM and other applications, various 
materials may be provided on or around the transducer. 
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Specifically, as shown in the figure, an immobilized bind- 
ing partner material such as antibody sample 22 may 
be disposed on transducer 20. Transducer 20 may also 
be prepared with a sample material 24 including constit- 
uent components such as particles 26. If the compo- 
nents within the sample material have sufficient affinity 
for the immobilized binding partner material (e.g. , for an- 
tibodies within the immobilized binding partner materi- 
al), then bonds will form between the components and 
the immobilized binding partner. For example, if antibod- 
ies within antibody sample material 22 are exposed to 
complementary antigens (e.g., particles 26), the anti- 
body-antigen pairs may form bonds. 
[0009] Transducer 20 typically is coupled with a drive 
signal generator (not shown in Fig. 1) or like device for 
applying a drive signal to the transducer. Application of 
the drive signal typically creates a mechanical oscilla- 
tion as indicated by the arrows in Fig. 1. An output 
processing system (not shown in the figure) may be em- 
ployed to obtain and analyze electrical output resulting 
from movement of transducer 20. As the transducer os- 
cillates in response to application of the drive signal, par- 
ticles 26 experience an acceleration, and thus a force, 
that is proportional to the amplitude of the applied drive 
signal. When this force is equal to or greater than the 
energy or force associated with the bond (e.g., the bond 
between an antibody and antigen), the bond breaks. 
Breaking of the bond yields a unique acoustic signature 
that represents and is associated with the unique bind- 
ing force(s) between the bonded components (e.g., be- 
tween the particular antibody and antigen). 
[0010] Applying a drive signal, such as a voltage 
waveform, typically will cause the transducer to move, 
due to the piezoelectric properties of the transducer. Of- 
ten the movement of the transducer will be oscillatory in 
nature. In many cases it will be desirable to drive the 
transducer at its resonant frequency by driving it at its 
direct fundamental or direct overtone frequency in the 
frequency domain. 

[0011] The resonant response of the transducer will 
be significant in many operational settings. For exam- 
ple, the resonant frequency of transducer typically will 
vary with the effective mass of the transducer (e.g., the 
mass of the transducer itself and the mass of any ma- 
teria! secured to the transducer). Specifically, resonant 
frequency increases as the effective transducer mass 
decreases. Accordingly, monitoring of frequency re- 
sponse (e.g., detection of resonant frequency changes) 
may be used in many applications to perform mass 
measurements. Referring specifically to Fig. 1, the ef- 
fective mass of transducer 20 would be the mass of the 
transducer plus the mass of immobilized binding partner 
material 22 and the mass of any particles 26 secured or 
affixed to the binding partner material. By detecting 
changes in the resonant frequency, information may be 
obtained about particles 26 or other material dislodging 
from the surface of transducer 20. Specifically, the quan- 
tity of dislodged material may often be ascertained if the 



associated change in resonant frequency is known. If 
sample material 24 is known to contain only one type of 
particle 26 (e.g., a specific antigen), the number of par- 
ticles involved in a rupture event may be determined, 
5 assuming that the mass of an individual particle 26 is 
known. 

[0012] In addition to detecting mass dislodgment 
through variation in resonant frequency, specific infor- 
mation may be obtained about the bonds broken due to 

10 the oscillation of the transducer. As indicated above and 
explained in further detail below, bond breakage typical- 
ly will produce an acoustic event. The acoustic event will 
in turn have a physical effect upon the transducer, that 
is, the acoustic event will cause a corresponding move- 
's ment in the transducer, independent of and in addition 
to the movement caused by the applied drive signal. The 
transducer movement caused by the event will contrib- 
ute components to the transducer's output, which may 
in turn be analyzed to obtain information about the oc- 

20 currence producing the acoustic event. Such analysis 
may be employed, for example, to determine whether a 
sample material contains a specific type of particle 26, 
such as a specific antigen, pathogen, etc. 
[001 3] Fig. 2 depicts a transducer system 40 that may 

25 be employed in RES, QCM and other applications in- 
volving transducers. System 40 typically includes an ar- 
ray of transducers similar to transducer 20, as opposed 
to a single transducer, to allow faster testing and/or test- 
ing of multiple samples. In the depicted example, sys- 

30 tern 40 includes four transducers 42, 44, 46 and 48, 
though it should be appreciated that any practicable 
number of transducers may be employed. 
[0014] System 40 typically includes a controller, such 
as a processor and a memory coupled with the trans- 

35 ducer array and configured to perform various functions. 
These functions may include performing overall system 
control, including sequential control of various system 
components; generating and applying drive signals to 
the transducer array in order to mechanically excite the 

40 transducers; controlling the energy imparted by the 
drive signals by controlling the amplitude and/or dura- 
tion of the drive signals; detecting and/or obtaining res- 
onant frequencies of the transducers, including initial 
frequencies and subsequent frequencies (e.g., after 

45 mass has been dislodged); sampling output from the 
transducers in response to application of the drive sig- 
nals; storing the digitized output samples from the trans- 
ducers; performing frequency domain transformations 
as appropriate on the sampled data; filtering or other- 

so wise removing extraneous or unwanted portions of the 
sampled data; and comparing remaining portions of the 
sampled data to stored data, such as bond adhesion ta- 
bles, to determine whether particular rupture events oc- 
curred. These functions will be described in more detail 

55 below. It should be understood that the recited functions 
are illustrative only, and should not be interpreted in a 
limiting or restrictive sense. The processor and memory 
may be implemented in a variety of ways and configured 
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as desired to suit the needs of a particular application. 
In the example of Fig. 2, the controller is implemented 
with a digital signal processor (DSP) 50 and various ac- 
companying components, including a direct digital syn- 
thesizer (DDS) 52, digital-to-analog converter (DAC) 54, 
amplifier 56, hybrid RF device 58, amplifier 60 and a 
flash analog-to-digital converter (ADC) 62. A multiplex- 
ing device including sections 64, 66, 68 and 70 may also 
be provided to selectively activate desired transducers 
in the array. 

[0015] During operation, DSP 50 and DDS 52 may be 
employed to generate an input voltage waveform (e.g., 
a drive signal) for application to one or more of trans- 
ducers 42, 44, 46 and 48. The transducer or transducers 
are selected via multiplexer sections 64, 66, 68 and 70, 
which may be controlled via the depicted select lines 1 -4 
of DSP 50. The amplitude of the waveform may be con- 
trolled via operation of DAC 54 and amplifier 56, using 
values supplied from DSP 50. The resulting input drive 
signal may be applied to the selected transducer via RF 
hybrid device 58, which may be implemented as a four- 
port device in order to segregate input and output sig- 
nals flowing in opposite directions to and from the array 
of transducers. Output signals flow through hybrid RF 
device 58, amplifier 60 and flash ADC 62. Outputs may 
be selectively sampled and read into the memory of 
DSP 50 via selective assertion of the READ ENABLE 
connection to flash ADC 62. As discussed in more detail 
below, DSP 50 may analyze the output response to 
identify frequency changes and/or amplitude phenome- 
na indicating that mass has dislodged from a transducer 
and/or that a rupture event has occurred. 
[0016] Fig. 3 depicts another transducer system 80. 
Instead of single-port transducers, system 80 includes 
an array of two-port transducers 82, 84, 86 and 88. As 
in the previous example, a controller may be provided 
to drive and process output from the array. Specifically, 
system 80 includes a DSP 100 configured to drive the 
transducers with drive signals applied via the combined 
operation of DSP 100, DAC 102 and amplifier 104. The 
resulting output is read into DSP 100 via ADC 106. 
Transducers within the array may be selected via oper- 
ation of decode section 108, input multiplexer sections 
110, 112, 114 and 116 and output multiplexer sections 
120, 122, 124 and 126. 

[0017] A variety of different drive signals may be em- 
ployed with the present systems and methods to pro- 
duce oscillations or other transducer movement, for ex- 
ample to produce forces to induce dislodgment of ma- 
terial (e.g., a rupture event in which antibody-antigen 
bond(s) break). In many cases, it will be desirable to 
drive the transducers with a drive signal having a voltage 
waveform with multiple frequency components. This is 
in contrast with conventional rupture event systems, in 
which only pure sinusoidal drive signals are employed. 
Such signals have only one primary frequency compo- 
nent, and other frequencies are only negligibly present, 
if at all. 



[0018] The following co-pending U.S. patent applica- 
tions provide further examples of transducer-based sys- 
tems and methods that may be employed in connection 
with the systems and methods described herein: U.S. 

5 Patent Application No. 10/286,071 "Transducer-Based 
Sensor System with Multiple Drive Signal Variants 11 by 
Daniel R. Blakley, filed October 31, 2002; U.S. Patent 
Application No. 10/355,396 "Transducer-Based Sensor 
System" by Daniel R. Blakley, filed January 31, 2003; 

10 U.S. Patent Application No. 10/356,084 "Sensor System 
and Method Employing Shared Transducer Elements" 
by Daniel R. Blakley, filed January 31, 2003; and U.S. 
Patent Application No. 10/632,290 "Multiple-Transduc- 
er Sensor System and Method With Selective Activation 

15 and Isolation of Individual Transducers" by Daniel R. 
Blakley, filed July 31, 2003. The disclosures of these 
patent applications are incorporated herein by this ref- 
erence, in their entireties and for all purposes. 
[0019] Figs. 4A, 4B, 5A, 5B, 6A, 6B, 7A and 7B show 

20 time domain and frequency domain representations of 
various exemplary drive signals that may be employed 
with the systems and devices described herein. Figs. 
4A and 4B show time domain and frequency domain 
representations, respectively, of a pure sinusoidal drive 

25 signal waveform 1 30, as conventionally employed in pri- 
or rupture event systems and methods. As shown in Fig. 
4B, the pure sinusoidal signal has only one frequency 
component. In existing RES systems, the pure sinusoi- 
dal signal is applied at a particular amplitude and fre- 

30 quency, and the resulting transducer response is exam- 
ined to determine if a rupture event occurred, such as 
breaking of a bond. If no event is detected, the signal 
amplitude is increased (e.g., to produce greater accel- 
eration and thus a greater force to induce bond break- 

35 age), the resulting response is analyzed, and so on until 
an event is detected. The process of repetitively increas- 
ing amplitude and searching for a response can be fairly 
time consuming, particularly in a large array of transduc- 
ers. As discussed above, rupture events and other mass 

40 dislodgments are detected through changes in resonant 
behavior of the transducer. To identify changes in reso- 
nance, prior systems repeatedly and frequently sweep 
through a range of frequencies to determine what the 
resonant frequency is and/or whether the transducer is 

45 currently being driven at resonance. Use of a drive sig- 
nal with only one frequency component, such as a pure 
sinusoid, may require resonance determinations to be 
performed more frequently. 

[0020] The resonance determination for a given trans- 
50 ducer typically is performed by decreasing the ampli- 
tude of the sinusoidal drive signal to a magnitude where 
it will not cause any dislodgment (e.g., a rupture event). 
The low amplitude signal is then swept through the 
range of potential frequencies, and the resulting physi- 
55 cal response of the transducer is observed by analyzing 
the electrical output of the transducer. The frequency at 
which the maximum movement is observed is deter- 
mined to be the resonant frequency. The determined 
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resonant frequency is then compared to recent values 
to determine what, if any, change has occurred, and the 
magnitude of the change. The drive signal amplitude 
may then be increased once again to the desired oper- 
ational level (e.g., the level used to induce bond break- 
age) and the transducer is again accelerated as de- 
scribed above. 

[0021] Figs. 5A, 5B, 6A, 6B, 7A and 7B show time do- 
main and frequency domain representations of alternate 
drive signal waveforms having multiple frequencies. 
Specifically, Figs. 5A and 5B are time domain and fre- 
quency domain representations, respectively, of a drive 
signal waveform 132 having components at 50 and 54 
MHz. Figs. 6A and 6B are time domain and frequency 
domain representations, respectively, of a drive signal 
waveform 1 34 having components at 50, 5 1 , 52 and 53 
MHz. Figs. 7A and 7B are time domain and frequency 
domain representations, respectively, of a drive signal 
waveform 1 36 having components at 50, 51 , 52, 53, 54, 
55, 56 and 57 MHz. In these examples, the drive signal 
may be formed by combining sinusoids (e.g., sine and/ 
or cosine waves) at the respective frequencies using 
suitable amplitude coefficients. It should be appreciated 
that Figs. 5A, 5B, 6A, 6B, 7A and 7B show illustrative 
examples only, and many other multiple-frequency 
waveforms may be employed. For example, the fre- 
quencies in these waveforms are intended to be illus- 
trative only, and it should be understood that transducer 
devices may be operated at much higher oscillatory fre- 
quencies in rupture event scanning and other applica- 
tions. 

[0022] Furthermore, in selecting frequency compo- 
nents for a given waveform, the Q factor of the trans- 
ducers within the system will often be a consideration in 
determining the selection of frequencies within a given 
waveform. For example, it may be desirable to have nu- 
merous closely-spaced frequencies in a drive signal 
waveform used to drive a transducer device with a rel- 
atively high Q factor. In high Q devices, even a very 
small mass dislodgment could place the transducer off 
resonance relative to a frequency component within the 
waveform. If the next highest frequency component 
within the signal had a frequency that was too much 
higher than the first frequency, then the device could fall 
"between" the two frequencies, such that neither fre- 
quency component could produce a resonant response, 
due to the relatively high Q factor of the transducer. Ac- 
cordingly, frequency components for the drive signal 
waveforms of the present description may be selected 
based upon transducer Q factors, and/or upon the ex- 
pected mass dislodgments to occur during operation. 
[0023] Figs. 8 and 9 depict exemplary methods for 
driving a transducer or transducer array, and analyzing 
the resulting output. The methods of the present de- 
scription commonly employ multiple-frequency drive 
signals, as in the examples of Figs. 5A, 5B, 6A, 6B, 7A 
and 7B, and may be implemented in connection with or 
independently of the embodiments discussed above. 



[0024] Referring first to Fig. 8, a transducer or array 
of transducers is provided at 200, and the transducers 
are prepared for excitation with a drive signal. In partic- 
ular, the transducers may be provided with an immobi- 

5 lized binding partner material and a sample material, as 
described above with reference to Figs. 1 -3. The sample 
material and binding partner material typically are 
brought Into close contact to facilitate bond formation 
between constituent components of the materials (e.g., 

10 between an antibody in immobilized binding partner ma- 
terial 22 and an antigen in sample material 24). In some 
implementations, a spraying device may be employed 
in connection with systems 40 or 80 to spray the sample 
material onto a surface of the transducer to which the 

15 immobilized binding partner material has been applied. 
Alternatively, the transducers may be prepared with a 
binding partner material and sample material in ad- 
vance. The preparation process may also include ap- 
plying an initialization drive signal to the transducers in 

20 order to move the transducers and thereby facilitate for- 
mation of bonds between the sample material and im- 
mobilized binding partner material. 
[0025] As shown at 202, the method may further in- 
clude initializing the drive signal that is to be used to 

25 accelerate the transducer(s). As indicated above, it will 
often be desirable to employ drive signals having wave- 
forms with multiple frequency components. Accordingly, 
drive signal initialization may include determining the 
specific frequency components that are to be present in 

30 the drive signal, based on the expected resonance be- 
havior of the transducer. This may involve, for example, 
determining the initial resonant frequency of the pre- 
pared transducer (e.g., a transducer with a binding part- 
ner and sample material disposed thereon). Referring 

35 to Fig. 3, DSP 100, DAC 102 and amplifier 104 may be 
used to apply initial drive signals to transducers 82, 84, 
86 and 88 in order to identify the initial resonant frequen- 
cies of the transducers (e.g., prior to any rupture events 
or other dislodgment of mass from the transducers). 

40 [0026] The initial resonant frequency of a transducer 
may be used to establish a lower bound for the frequen- 
cies to be used in the drive signal, as the resonant fre- 
quency will increase as mass dislodges from the trans- 
ducer. Other frequencies may be selected based on the 

45 particular sample material. For example, for a given 
sample, it may be relatively easy to estimate how much 
mass will break away during oscillation of the transducer 
(e.g., due to bonds breaking). This may be used to es- 
tablish an upper bound for frequency components in the 

50 drive signal. These and other considerations, such as 
the Q factor of the transducers (see above discussion), 
may dictate how signal components with intermediate 
frequencies are incorporated into the drive signal. In any 
event, it should be understood that use of a multiple- 

55 frequency drive signal may produce a resonant re- 
sponse even in the face of changes in the effective mass 
of the transducer. A pure sinusoid (a single frequency 
drive signal), in contrast, will produce a resonant re- 



9 



EP 1 528 394 A2 



10 



sponse only if the drive signal is close in frequency to 
the resonant frequency of the transducer, which of 
course will change as mass is dislodged. The multiple- 
frequency drive signal described herein accommodates 
changes in transducer effective mass and the attendant 
resonant frequency changes, reducing the need to fre- 
quently and repeatedly apply low-amplitude signals to 
obtain resonance. Also, by reducing the number of low- 
amplitude scans needed to obtain resonance, overall 
analysis times are reduced. 

[0027] Initialization may also involve setting a range 
of energies to which the prepared transducer will be sub- 
jected, and initially setting the drive signal to the lowest 
energy level (e.g., a minimum amplitude and/or duration 
for the applied waveform) in the determined range. The 
range of energy levels to be applied may be determined 
depending on the particular test to be conducted, and/ 
or on the expected properties of the sample material. 
For example, system 40 or system 80 may be used to 
determine whether a sample material contains a partic- 
ular antigen or pathogen. The immobilized binding part- 
ner material would be prepared to contain antibodies 
corresponding to the antigen/pathogen of interest. Us- 
ing known bond forces for bonds formed between the 
particular antibody and antigen, a range of energy levels 
for the input drive signal may be selected. The range 
may be selected so that, at some level within the range, 
the antigen of interest, if present, would rupture away 
from the immobilized binding partner material due to the 
shear forces generated through oscillation of the trans- 
ducer. 

[0028] It should be understood that the frequency 
components and energy levels for the drive signal may 
be determined in advance or dynamically while an ex- 
periment or other operation is being conducted. Also, 
referring to Figs. 2 and 3, the various components of 
systems 40 and 80 may be programmed or otherwise 
configured to carry out the initialization tasks described 
above and with reference to step 202 in Fig. 8. Typically, 
once the drive signal parameters have been determined 
and the drive signal is otherwise initialized, the drive sig- 
nal is generated for application to the transducers. In the 
example of Fig. 2, the drive signal waveform is gener- 
ated by DSP 50 with assistance of DDS 52, DAC 54 and 
amplifier 56. In Fig. 3, DSP 1 00 may be used to generate 
the waveform, with assistance of DAC 102, DDS 103 
and amplifier 104. 

[0029] Still referring to Fig. 8, the method further in- 
cludes, at 204 and 206, applying the drive signal to the 
transducer and then sampling the resulting output. Re- 
ferring to Fig. 2, the drive signal waveform may be gen- 
erated by DSP 50 and DDS 52, with the signal amplitude 
being controlled by DSP 50, DAC 54 and amplifier 56. 
As discussed above, the drive signal may be applied to 
the selected transducer via RF hybrid device 58. The 
resulting output from the transducer may be sampled 
and at least temporarily stored in the memory of DSP 
50. In the depicted example, DSP 50 selectively asserts 



the READ ENABLE input of flash 25 
ADC 62 to cause output samples to be read from the 
selected transducer through RF hybrid device 58 into 
the DSP's memory through amplifier 60 and flash ADC 

5 62. In the example of Fig. 3, DSP 100 generates the 
drive signal waveform in conjunction with DDS 103, and 
the amplitude may be controlled by DSP 100 in cooper- 
ation with DAC 102 and amplifier 104. Output samples 
from the selected 30 transducer are read into DSP 1 00 

10 through ADC 106. 

[0030] As shown at 208, the output sample may be 
screened, for example to determine whether a detailed 
analysis of the particular sample is desirable. In certain 
embodiments, for example, output samples may be 

15 screened for amplitude phenomena indicating or sug- 
gesting that a rupture event has occurred, such as the 
breaking of a bond(s) formed between an antibody-an- 
tigen pair. Because bond forces are often relatively high, 
when the bonds break they typically produce an acous- 

20 tic event that is detected by the transducer and mani- 
fested in the transducer output sample as a short dura- 
tion, high amplitude burst. 

[0031 ] The amplitude burst typically is at substantially 
different frequencies than the resonant response attrib- 

25 utable to the drive signal that is applied to excite the 
transducer, and thus may be differentiated from the 
drive signal by its frequency and amplitude. Although 
the amplitude associated with the rupture may not be 
much higher than any noise, crosstalk, or other compo- 

30 nents present in the output sample, it typically occurs 
synchronously with the drive signal and this may be ex- 
tracted synchronously and compared afterward with an 
amplitude trigger or level threshold. Accordingly, a 
threshold value may be established, and the output 

35 sample may be screened for components having ampli- 
tudes higher than the threshold. The threshold may be 
determined in advance, or calculated during operation 
based on various parameters. For example, the partic- 
ular threshold may be determined with reference to am- 

40 plitudes of certain frequency components present in the 
drive signal. In addition to or instead of amplitude thresh- 
olds, other criteria may be employed to identify output 
samples of potential interest. For example, the method 
may include a preliminary analysis for phenomena indi- 

45 eating that a shift in resonant frequency has occurred. 
An upward shift in resonant frequency would indicate 
that a mass dislodgment, and thus a potential rupture 
event, had occurred. The particular output sample could 
then be retained and analyzed in more detail to deter- 
so mine whether a rupture event had in fact occurred as a 
result of the transducer excitation. 
[0032] It should be appreciated that the amplitude 
phenomena and frequency shifts described above may 
be considered "rupture indicators," because the pres- 

55 ence of these indicators suggests that a rupture event 
may have occurred. Accordingly, step 208 may be 
thought of as a preliminary screening analysis in which 
an output sample is scanned for the presence of rupture 
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indicators. The presence of a rupture indicator typically 
is not a conclusive indication that an event of interest 
has occurred, as will be explained below. However, 
screening for rupture indicators will provide, in many set- 
tings, an efficient way to identify output samples of po- 
tential interest. Typically, the screening process is sub- 
stantially faster than the more detailed processing that 
is required to confirm or deny that an event of interest 
occurred due to excitation of the transducer. 
[0033] In any event, the method may include taking 
different actions depending on whether the screening 
criteria at step 208 is or is not satisfied. If the criteria is 
satisfied, for example if the output sample includes com- 
ponents exceeding an established amplitude threshold, 
then the output sample may be retained, as indicated at 
210. Alternatively, as shown at 212, if the screening cri- 
teria is not satisfied, then the respective memory loca- 
tion (e.g., within DSP 50 or DSP 100) may be flushed to 
free up memory resources. 

[0034] It will at times be desirable to increase the ac- 
celeration of the transducer(s), and thus the forces ap- 
plied to induce bond breakage at the surface of the 
transducer(s). Typically, these forces are proportional to 
the energy imparted by the drive signal applied to the 
transducer. As discussed above, the energy of a given 
waveform may be viewed in terms of the area under a 
time domain representation of the waveform. Accord- 
ingly, the energy level may be increased by increasing 
the amplitude and/or duration of the overall waveform, 
or of certain components of the waveform. For example, 
the amplitude of a selected frequency component, or of 
the overall waveform, may be increased. In the depicted 
exemplary method, the drive signal energy level may be 
increased at 214 unless the maximum energy level has 
been reached. 

[0035] From the above, it should be appreciated that 
the method may include providing the drive signal to the 
transducer at successively increasing energy levels. For 
each energy level, the corresponding output response 
may be sampled (e.g., at 206). After cycling through all 
the energy levels, further processing may be performed, 
as shown at 216. The further processing may include a 
more thorough analysis of the sampled data, as ex- 
plained in more detail below. Instead of cycling through 
the entire range of energies for the applied drive signal, 
the further processing may be performed as soon as a 
potential event has been identified, as shown at 21 0 and 
216. 

[0036] An exemplary method of carrying out addition- 
al processing of the output sample(s) is depicted in Fig. 
9. As shown at 230, the method may include performing 
a frequency domain transformation on the output sam- 
ple. Any practicable transformation technique may be 
employed, including Fourier, FFT, Hartley, Wavelet or 
Bracewell transformations. Typically, the transformation 
yields data that may be analyzed within the frequency 
domain in terms of amplitude as a function of frequency. 
As shown at 232, the transformation data may be ana- 



lyzed to identify the major resonant frequency present 
in the sampled transducer response. 
[0037] The method may include, at 234, determina- 
tion of whether the resonant frequency of the transducer 

5 has shifted, for example from prior recorded values. As 
discussed above, such a shift typically occurs when the 
effective mass of the transducer changes (e.g., when 
mass breaks off of the surface of the transducer). Spe- 
cifically, a decrease in mass produces an increase in 

10 resonant frequency. 

[0038] It should be appreciated that a shift in frequen- 
cy is not a conclusive indication that an event of interest 
has occurred. In other words, not all mass dislodgments 
will have experimental significance. A given experiment 

15 might involve determining whether a sample material 
contains a certain pathogen, such as a particular variety 
of the streptococcus virus. In such an experiment, the 
only shift in frequency of interest would be a shift asso- 
ciated with a rupture (e.g., bond breakage) between that 

20 variety of streptococcus virus and the immobilized bind- 
ing partner affixed to the transducer. The sample mate- 
rial may include components other than the antigen of 
interest (proteins, for example) that become affixed to 
the transducer. When these proteins break off due to 

25 oscillation of the transducer, the resonant frequency will 
shift, however this shift in frequency is not associated 
with breakage of the particular antibody-antigen bond 
that is the subject of the experiment. 
[0039] Accordingly, as indicated at 236 and 238, once 

30 a resonant frequency shift has been detected, the trans- 
formation data may be further processed to isolate po- 
tential event data, if any is present, and then compare 
the isolated potential event data to stored values. During 
isolation, data associated with the transducer's re- 

35 sponse to the drive signal typically will be subtracted or 
otherwise removed. Also, various methods may be em- 
ployed to remove noise and crosstalk from the sample. 
Isolation may involve deconvolution or other methods, 
as suitable and appropriate to a given setting. Separa- 
te* tion of potential event data is often facilitated by the fact 
that event data typically occurs at frequencies other than 
the resonant frequency of the transducer. Accordingly, 
filtering and like techniques may also be applied in many 
cases to extract the data that is potentially of interest. 

45 [0040] In any case, once the potential event data is 
isolated, the potential event data may be compared to 
known values, as shown at 238. For example, data as- 
sociated with known bonds may be stored within the 
memories of DSP 50 or DSP 100. Such data might in- 

so elude, for example, data pertaining to the acoustic sig- 
natures for a variety of antibody-antigen pairs. In the 
above example, the known data would include the 
unique acoustic signature associated with rupture of the 
streptococcus strain away from partner components (e. 

55 g., antigens) within the immobilized binding partner ma- 
terial. Accordingly, at step 238, the isolated potential 
event data would be compared to the known acoustic 
signatures, and a match would indicate that the sample 
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material in fact contained the streptococcus strain of in- 
terest, and that a rupture event occurred involving the 
strain of interest. 

[0041] Transformations into the frequency domain 
and subsequent analysis can be fairly time consuming. 
In the exemplary method described above, processing 
speed may be increased by rapidly screening the sam- 
pled data to separate potentially relevant data from data 
which appears to be not relevant. In the specific exam- 
ples discussed above, the sampled data is preliminarily 
screened for amplitude and/or frequency phenomena 
suggesting or indicating that an event of interest oc- 
curred. Use of such screening may be employed to 
avoid performing a fuller and more time-consuming 
analysis on all of the data sampled from the transducer 
(s). This is particularly advantageous given that, in many 
settings, a large majority of transducer excitations will 
not produce an event of interest or other mass dislodg- 
ment. 

[0042] While the present embodiments and method 
implementations have been particularly shown and de- 
scribed, those skilled in the art will understand that many 
variations may be made therein without departing from 
the scope defined in the following claims. The descrip- 
tion should be understood to include all novel and non- 
obvious combinations of elements described herein, 
and claims may be presented in this or a later application 
to any novel and non-obvious combination of these el- 
ements. Where the claims recite V or "a first" element 
or the equivalent thereof, such claims should be under- 
stood to include incorporation of one or more such ele- 
ments, neither requiring nor excluding two or more such 
elements. 



Claims 

1. A method of performing rupture event scanning, 
comprising: providing (200) a transducer (20, 42, 
44, 46, 48, 82, 84, 86, 88) with an immobilized bind- 
ing partner material (22) and a sample material (24, 
26) disposed thereon, where the sample material 
(24, 26) is applied to the immobilized binding part- 
ner material (22) so that, if the sample material (24, 
26) includes components (26) having sufficient af- 
finity for the immobilized binding partner material 
(22), bonds will form between at least some of such 
components (26) and the immobilized binding part- 
ner material (22); accelerating (204) the transducer 
(20, 42, 44, 46, 48, 82, 84, 86, 88) to induce bond 
breakage, where such accelerating is performed by 
applying (204) a drive signal (130, 132, 134, 136) 
to the transducer (20, 42, 44, 46, 48, 82, 84, 86, 88), 
the drive signal (130, 132, 134, 136) including a 
waveform (130, 132, 134, 136) having multiple fre- 
quency components that are pre-selected based on 
expected resonance behavior of the transducer (20, 
42, 44, 46, 48, 82, 84, 86, 88); and analyzing (206, 



208, 216, 230, 232, 234, 236, 238) an output re- 
sponse of the transducer (20, 42, 44, 46, 48, 82, 84, 
86, 88) in response to application of the drive signal 
(130,132,134,136). 

5 

2. The method of claim 1 , where accelerating (204) the 
transducer (20, 42, 44, 46, 48, 82, 84, 86, 88) is per- 
formed by applying (204) the drive signal (1 30, 1 32, 
134, 136) to the transducer (20, 42, 44, 46, 48, 82, 

10 84, 86, 88) at successively increasing energy lev- 
els. 

3. The method of claim 1 or 2, where analyzing (206, 
208, 216, 230, 232, 234, 236, 238) the output re- 
ts sponse of the transducer (20, 42, 44, 46, 48, 82, 84, 

86, 88) includes determining whether the output re- 
sponse exhibits amplitude phenomena indicating 
breakage of bonds formed between components of 
the sample material (24, 26) and the immobilized 
20 binding partner material (22). 

4. A method of performing rupture event scanning, 
comprising: providing (200) a transducer (20, 42, 
44, 46, 48, 82, 84, 86, 88) with an immobilized bind- 

25 ing partner material (22) and a sample material (24, 
26) disposed thereon; mechanically exciting (204) 
the transducer (20, 42, 44, 46, 48, 82, 84, 86, 88) 
at different energy levels; obtaining (206) an output 
response of the transducer (20, 42, 44, 46, 48, 82, 

30 84, 86, 88) for each of the different energy levels; 
screening (208) each of the output responses for 
rupture indicators suggestive of a potential rupture 
event occurring between the immobilized binding 
partner material (22) and the sample material (24, 

35 26); and performing (216) further processing (206, 
208, 216, 230, 232, 234, 236, 238) on at least one 
of the output responses after said screening, where 
such further processing includes determining (230, 
232, 234, 236, 238) whether the output response 

to contains a known acoustic signature associated 
with breakage of a known bond, and where such 
further processing is performed for the output re- 
sponse only if the output response contains a rup- 
ture indicator. 

45 

5. The method of claim 4, where screening (208) each 
of the output responses for rupture indicators in- 
cludes determining whether the output response 
exhibit amplitude phenomena indicating breakage 

so of bonds formed between the immobilized binding 
partner (22) material and the sample material (24, 
26). 

6. A transducer-based sensor system (40, 80) for de- 
55 tecting whether a sample material (24, 26) contains 

a particular component (26), comprising: a control- 
ler (50, 100); and a transducer (20, 42, 44, 46, 48, 
82, 84, 86, 88) operatively coupled with the control- 
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ler (50, 100), the transducer (20, 42, 44, 46, 48, 82, 
84, 86, 88) being configured to receive an immobi- 
lized binding partner material (22) and the sample 
material (24, 26) on a surface of the transducer (20, 
42, 44, 46, 48, 82, 84, 86, 88), where the sample 5 
material (24, 26) is brought into contact with the im- 
mobilized binding partner material (22) so as to in- 
duce formation of a bond between the immobilized 
binding partner (22) and the particular component 
(26), if the particular component (26) is present 10 
within the sample material (24, 26), where the con- 
troller (50, 100) is configured to: apply (204) a drive 
signal (130, 132, 134, 136) to the transducer (20, 
42, 44, 46, 48, 82, 84, 86, 88) to mechanically excite 
the transducer (20, 42, 44, 46, 48, 82, 84, 86, 88) is 
and thereby potentially cause bond breakage, the 
drive signal (130, 132, 134, 136) including a wave- 
form (1 30, 1 32, 1 34, 1 36) having multiple frequency 
components that are pre-selected based on expect- 
ed resonance behavior of the transducer (20, 42, 20 
44, 46, 48, 82, 84, 86, 88); receive (206) an output 
response of the transducer (20, 42, 44, 46, 48, 82, 
84, 86, 88) in response to application of the drive 
signal (130, 132, 134, 136); and analyze (206, 208, 
216, 230, 232, 234, 236, 238) the output response 25 
to determine whether application of the drive signal 
(130, 132, 134, 136) induced bond breakage be- 
tween the sample material (24, 26) and the immo- 
bilized binding partner material (22). 

30 

7. The system (40, 80) of claim 6, where the controller 
(50, 100) is configured to mechanically excite (204) 
the transducer (20, 42, 44, 46, 48, 82, 84, 86, 88) 
at a plurality of successively increasing energy lev- 
els and obtain a corresponding output response for 35 
the transducer (20, 42, 44, 46, 48, 82, 84, 86, 88) 

for each of the energy levels. 

8. The system (40, 80) of claim 7, where the controller 
(50, 100) is configured to analyze (206, 208, 216, *o 
230, 232, 234, 236, 238) the output responses for 
the energy levels by: screening (208) the output re- 
sponses for rupture indicators suggestive of a po- 
tential rupture event occurring between the immo- 
bilized binding partner material (22) and the sample *s 
material (24, 26); and performing (216) further 
processing (206, 208, 216, 230, 232, 234, 236, 238) 

on at least one of the output responses after said 
screening, where such further processing includes 
determining (230, 232, 234, 236, 238) whether the so 
output response contains an acoustic signature 
known to be associated with the bond, and where 
such further processing is performed for the output 
response only if 25 the output response contains a 
rupture indicator. 55 

9. The system (40, 80) of claim 8, where the controller 
(50, 100) is configured to screen the output re- 



sponses by determining whether any of the output 
responses exhibit amplitude phenomena indicating 
breakage of bonds formed between the sample ma- 
terial (24, 26) and the immobilized binding partner 
material (22). 

10. A transducer-based sensor system (40, 80) for an- 
alyzing a sample material (24, 26), comprising: 
transducer means (20, 42, 44, 46, 48, 82, 84, 86, 
88) for receiving an immobilized binding partner 
material (22) and the sample material (24, 26), the 
sample material (24, 26) being placed into contact 
with the immobilized binding partner material (22); 
drive signal means (50, 52, 54, 56, 100, 102, 103, 
104) for mechanically exciting (204) the transducer 
means (20, 42, 44, 46, 48, 82, 84, 86, 88), the drive 
signal means (50, 52, 54, 56, 100, 102, 103, 104) 
being configured to apply a drive signal (130, 132, 
134, 136) to the transducer means (20, 42, 44, 46, 
48, 82, 84, 86, 88), the drive signal (130, 132, 134, 
136) including a waveform (130, 132, 134, 136) 
having multiple frequency components that are pre- 
selected based on expected resonance behavior of 
the transducer means (20, 42, 44, 46, 48, 82, 84, 
86, 88); and output processing means (50, 100) for 
determining whether predetermined bonds existed 
between the sample material (24, 26) and the im- 
mobilized binding partner material (22), where such 
determination is performed by processing an output 
response of the transducer means (20, 42, 44, 46, 
48, 82, 84, 86, 88) to determine whether such output 
response contains an acoustic signature associat- 
ed with breakage of the predetermined bonds. 
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